Newborns with hypoplastic left heart syndrome (HLHS) and other single right ventricular variants require substantial healthcare resources. Weekend acute care has been associated with worse outcomes and increased resource use in other populations, but has not been studied in single ventricle patients. Single Ventricle Reconstruction trial subjects were classified by whether or not they had a weekend admission and by day of the week of Norwood procedure. The primary outcome was hospital length of stay (LOS); secondary outcomes included transplant-free survival, intensive care unit (ICU) LOS and days of mechanical ventilation. Student's t-test with log transformation and the Wilcoxon rank sum test were used to analyze associations. Admission day was categorized for 533/549 subjects (13% weekend). The day of the Norwood was Thursday/ Friday in 39%. There was no difference in median hospital LOS, transplant-free survival, ICU LOS or days ventilated for weekend vs. non-weekend admissions. Day of Norwood procedure was not associated with a difference in hospital LOS, transplant-free survival, ICU LOS or days ventilated. Prenatally diagnosed infants born on the weekend had lower mean birth weight, younger gestational age, and were more likely to be intubated but did not have a difference in measured outcomes. In conclusion, in this cohort of single right ventricle patients, neither weekend admission, nor end-of-the-week Norwood procedure was associated with increased use of hospital resources or poorer outcomes. We speculate that the complex postoperative course following the Norwood procedure outweighs any impact that day of admission or operation may have on these outcomes.
Introduction
Infants with hypoplastic left heart syndrome (HLHS) and other single right ventricle (RV) anomalies typically undergo the Norwood procedure within the first several days of life. Though highly resource intensive (1) , the factors that impact resource utilization after the Norwood procedure the most remain unknown. The day of the week when the highest acuity of care is provided may have a significant impact on resource utilization. The "weekend effect" has been associated with increased resource utilization in children < 18 years undergoing cardiac surgery (2) and poorer clinical outcomes in adults admitted on the weekend for several clinical indications (3) (4) (5) (6) (7) . The weekend effect may be modifiable, and previously has been improved with high-intensity staffing. (8) (9) Determining whether weekend admission or day of surgery impacts clinical outcomes or resource utilization may be valuable for planning perinatal management, surgical timing and modifying health care delivery systems. Using the cohort enrolled in the Single Ventricle Reconstruction (SVR) trial, we sought to determine if weekend admission and/or day of surgery in neonates undergoing the Norwood procedure was associated with measures of increased postoperative resource utilization or worse clinical outcomes.
Methods
We performed a secondary analysis of SVR trial data, the details of which have previously been published. (10, 11) Briefly, patients with a diagnosis of HLHS or other single RV anomalies and a planned Norwood procedure were randomized to receive a modified Blalock Taussig Shunt (MBTS) or right ventricular-to-pulmonary artery shunt (RVPAS) to compare the incidence of death or transplant. Age at admission to the surgical center and presence of a prenatal diagnosis were recorded. The main outcomes from the SVR trial that were utilized for this analysis were in-hospital mortality, heart transplant status, hospital length of stay (LOS), ICU LOS, days to surgery, and days of mechanical ventilation.
A primary exposure status of "weekend admission" (Saturday or Sunday) or "weekday admission" (Monday through Friday) to the surgical center was assigned for each subject. Date of admission was unavailable in the SVR trial database. Therefore, for the prenatally diagnosed subjects, date of birth was used for classification of date of admission. For subjects who were postnatally diagnosed, the date of diagnosis at the surgical center was considered the date of admission. This was determined from age at diagnosis, which was rounded to the nearest full day to determine group assignment. For those <12 hours of age at diagnosis, we assumed that the day of diagnosis was the day of birth. Subjects whose weekend versus weekday designation was unclear based on the above algorithm were excluded from the analysis.
The day of week of the Norwood procedure was also analyzed as an exposure. Subjects were divided into those who underwent the Norwood procedure on Thursday or Friday (end of the week) vs. those who underwent the Norwood procedure on Monday through Wednesday. This classification was chosen since the highest acuity care, primarily the first few days postoperatively, would have occurred largely on the weekend in the "end of the week" Norwood group. Only one Norwood procedure occurred on the weekend, and that subject was excluded from this portion of the analysis.
Surrogates for resource utilization previously described in the literature (12) (13) (14) (15) , were selected as outcomes. The primary outcome for this analysis was hospital LOS for the Norwood hospitalization. Secondary outcomes included ICU LOS, number of hospital days prior to surgery after diagnosis, number of days mechanically ventilated during hospitalization, and a composite outcome of death or heart transplant prior to discharge from the Norwood hospitalization. Due to the variable effect of death or transplant on length of stay, those who died or were transplanted prior to discharge were excluded from the LOS analyses.
Based on previously reported predictive models for these outcomes from the SVR trial (10), we compared subjects with respect to the variables identified as associated with the outcomes of interest to assess comparability of the groups. Baseline characteristics and risk factors are listed in Table 1 and 2. To deal with any potential interaction between prenatal versus postnatal diagnosis and day of admission, a subgroup analysis restricted to the prenatally diagnosed group was performed.
The distributions of patient characteristics by day of week and day of Norwood groups were compared using a Fisher exact test for categorical variables, the Wilcoxon rank sum test for continuous skewed variables, and Student's t-test for other continuous variables. The association between day of week and day of Norwood group and death/transplant prior to Norwood discharge was examined with a Fisher exact test. The associations between day of week and day of Norwood group and length of stay, number of days prior to surgery, and total number of days ventilated were analyzed using Student's t-test of the log-transformed measure or a Wilcoxon rank sum test. Multivariable linear and logistic regression was also used to evaluate the weekend vs. weekday effect controlling for other known risk factors for post-Norwood outcomes such as birth weight, presence of a genetic syndrome, number of pre-Norwood surgeries, pre-Norwood intubation for shock, pre-Norwood tricuspid regurgitation, and center single ventricle patient volume (10) . A two-sided p-value of 0.05 was considered significant. Analyses were conducted using SAS version 9.3 (Statistical Analysis System Corp., Cary, NC).
Results
Of the 549 subjects in the SVR trial who underwent Norwood, admission day could be categorized in 533 (97%). Weekend admission occurred in 71 (13%) and weekday admission in 462 (87%). There was a higher proportion of prenatally diagnosed patients admitted on weekdays (Table 1) . Subjects admitted on the weekend were more likely to be intubated preoperatively, and more likely to be intubated for shock, respiratory failure or metabolic acidosis as opposed to electively prior to transport and to have had pre-operative shock or cardiac arrest (Table 2 ). In the prenatally diagnosed group, those admitted on the weekend were more likely to have a birth weight <2.5 kg and be of an earlier gestational age (Table 3 ). Similar to the overall cohort, they were more likely to be intubated due to shock, respiratory failure, or metabolic acidosis (Table 3 ).
In transplant-free survivors, hospital LOS was similar between the weekend and weekday groups ( Figure 1 ). Likewise, there was no difference in ICU LOS, days ventilated, or number of days prior to surgery (Table 4 ). There were 93 (17%) deaths and transplants prior to Norwood discharge with no difference in the incidence of death or transplant between the weekend and weekday groups. There were 4 (25%) deaths or transplants occurring in the group (n=16) that could not be assigned a day of admission. There was a small group of patients who died prior to Norwood procedure with no difference between weekend or weekday groups (3% vs. 3%, p>0.9). When prenatally and postnatally diagnosed subgroups were analyzed separately, the results remained similar, with the exception that postnatally diagnosed infants admitted on the weekend had fewer days in the hospital prior to surgery than those admitted on the weekday. (Table 4 ). When controlling for other known risk factors, there remained no significant difference according to weekend vs. weekday admission for our study outcomes (covariate adjusted p=0.07-0.47).
Of the 548 undergoing the Norwood procedure on a Monday through Friday, the procedure occurred at the beginning of the week in 61%, and the end of the week in 39%. The baseline characteristics and risk factors for postoperative morbidity and mortality were similar for the beginning of the week and end of the week Norwood groups (Table 1, Table 2 ). There was no difference in hospital LOS, ICU LOS, or days ventilated by day of the week of the Norwood procedure (Table 4) . However, patients who had their Norwood procedure on Thursday and Friday had waited fewer days prior to surgery. There was no difference in the death/transplant rate between the beginning of the week or the end of the week Norwood groups (16% vs. 20%, p=0.2). In subgroup analyses, the results were similar to the overall cohort for subjects with prenatal and postnatal diagnosis with respect to day of Norwood procedure (Table 4 ).
Discussion
In this study, contrary to our hypotheses, we found that day of admission or day of surgery for neonates undergoing the Norwood procedure was not associated with clinical outcomes or surrogate markers of resource utilization in these infants. These findings are notable considering that a greater proportion of infants admitted on weekends had preoperative risk factors for postoperative morbidity such as lower birth weight and younger gestational age, and were more frequently intubated preoperatively for shock, respiratory failure or metabolic acidosis, but this did not translate into differences in the postoperative outcomes we examined.
In contrast to previous studies in pediatric heart surgery and adult admissions for stroke and myocardial infarction (2-8), weekend admission did not appear to have an impact on the outcomes or resource use. Previous studies demonstrating a mortality difference in weekend vs. weekday admissions in adults primarily evaluated patients with acute medical concerns such as stroke, myocardial infarction and conditions requiring surgical ICU admission. (3, 4, 6 ) While our population did have an increased incidence of morbidity when admitted on the weekend, the overall percentage of our population with preoperative instability was relatively low. It may be that neonates with HLHS and other related single right ventricle lesions, particularly those who are prenatally diagnosed, are clinically stable at the time of birth and remain so prior to surgery, despite the significant complexity of their disease. Connor et al reported that weekend admission was an independent predictor of increased resource utilization, as measured by charge data, in children admitted for congenital heart surgery. Their population, however, was significantly more heterogeneous than the cohort in our study, and included a wide range of diagnoses and ages. Additionally, while they adjusted for several risk factors, including emergent admission, they were not able to determine prenatal diagnosis status in the administrative data used. The percentage of patients prenatally diagnosed in the SVR cohort was high. This may have led to a relative stability of our patients preoperatively that was not present in the population described by Connor et al. (2) There are other diagnoses where preoperative instability may be more likely, including infants born with transposition of the great arteries and a restrictive foramen ovale, or those with congenital heart disease and intrauterine hydrops. (16) It is possible that patients presenting with demonstrated hemodynamic instability or other organ dysfunction may have different outcomes depending on when they are admitted to a pediatric cardiac center.
We also evaluated timing of Norwood procedure, to determine if infants who were operated on at the end of the week and received more of their early acute postoperative care on the weekend had greater resource use or perioperative morbidity compared with those operated on earlier in the week. Our analysis did not show a difference in outcome by procedure day. It is possible that those hospitals that perform Norwood procedures and participated in the SVR trial have higher volume units and are more likely to have experienced staff even on the weekends, particularly during the early postoperative period for unstable infants; care may be as good when provided on the weekend as it is during the weekdays at these institutions. In addition, the prolonged and complicated hospital course that is typical after a Norwood procedure may dilute any impact of day of admission or day of Norwood procedure. It is possible that in other cohorts of patients with congenital heart disease with shorter, less complicated hospital stays, the effect of day of admission and day of procedure on outcome and resource utilization would be significant. While there was no impact of day of surgery on the measured outcomes in this analysis, it is possible that other outcome metrics reflecting the quality of early acute perioperative care such as long-term neurodevelopmental outcome may be associated with day of surgery.
We found that patients with a weekend admission had a higher prevalence of preoperative risk factors for postoperative morbidity including preoperative intubation and shock. While these risk factors did not translate into differences in our measured outcomes, including hospital LOS or mortality/transplant in these infants, they may have a long-term impact on other patient outcomes not measured in this study. The difference in gestational age between the weekend and weekday admission groups was slight. However, as lower gestational age has been found to be an independent risk factor for poorer neurodevelopmental outcome in neonates undergoing congenital heart surgery, this finding may represent increased clinical risk in this group. (10) In the prenatal diagnosis group, weekend admissions were more likely to have a birth weight <2.5 kg, which is a known risk factor for morbidity and mortality during Norwood hospitalization (10), but again this did not translate into a difference in measured outcomes. Birth weight is also an independent risk factor for lower Psychomotor Development Index scores at 1 year of age. (17) The lower birth weight may possibly reflect a more urgent or emergent delivery, which resulted in a weekend admission in this subgroup. Additionally, while both birth weight and gestational age may pose long-term risk, these may or may not be modifiable depending on the circumstances surrounding the decisions to deliver these infants on the weekend.
The SVR trial was limited to 15 participating centers, performing ≥5 Norwood procedures annually, and therefore, these conclusions may not be generalizable to centers with smaller case volumes. Admission day was assumed for 20 patients, which may have resulted in some misclassification. Three percent of the study sample (16 patients) could not be assigned a day of admission, but this was unlikely to bias our results as this was a small percentage of the overall sample and should not be systematically related to the outcomes measured. Limited access to obstetric records limits our analysis of the decision-making surrounding the timing of delivery for these high-risk infants. In addition, we were unable to determine the presence of weekend provider availability, as this information was not known for each center.
In this cohort of single right ventricle patients, neither weekend admission, nor end-of-theweek Norwood procedure was associated with increased use of hospital resources or poorer outcomes. We speculate that the complex postoperative course following the Norwood procedure outweighs any impact that day of admission or operation may have on these outcomes. Table 1 Baseline Characteristics of weekend vs. weekday groups and beginning of the week vs. end of the week Norwood Table 2 Analysis of risk factors for morbidity and mortality by exposure status. Table 3 Baseline characteristics and risk factors of those who were prenatally diagnosed (N=420). APGAR -Appearance, Pulse, Grimace, Activity, Respiration, DHCA -deep hypothermic cardiac arrest, ECMO -extracorporeal membrane oxygenation, IQR -interquartile range, kg -kilograms, minminutes, OR -operating room, RCP -regional cerebral perfusion, SD -standard deviation, Yr -year
